Abstract -Two methods for kinematic sensing in a handheld dynamometer using accelerometers and gyroscopes are presented. The first method integrates the angular velocity signal from the gyroscope, after calibration of gyroscope offset and joint angle from a static period immediately preceeding each measurement. The second method estimates tangential and radial accelerations, enabling the estimation of the gravity components in the accelerometer signals under dynamic conditions, and thus angle reconstruction. The second method appeared to perform best in preliminary tests.
INTRODUCTION
In physical therapy practice muscle function is commonly investigated during physical examination. This assessment is subjectively performed by moving a limb segment and assessing the resistance against such a movement. Harlaar et a1 [ 13 developed a hand-held dynamometer, called CAHNDY, which enables to perform this assessement in an objective manner. The system consists of a force transducer mounted in the handle with which the therapist moves a leg or arm segment and a flexible goniometer mounted at the joint.
The objective of the current study is to integrate both the force transducer and the kinematic sensing in the handle, with which the leg is moved, thus simplifying the measurement. Kinematic sensing is done using accelerometers and gyroscopes, which are both inertial sensor. The sensors should deliver an accurate estimate of segment angle and angular velocity, which can be real-time used in the dynamometer measurements.
INERTIAL SENSING
The use of accelerometers in human movement analysis has been investigated by several authors [2-41. A uniaxial accelerometer measures one component of the equivalent acceleration, which is the sum of the actual acceleration a' and the gravitational acceleration:
The direction of the sensitive axis of the sensor is indicated by the unit vector U .
Generally, during movements, actual accelerations can not be distinguished from changing gravitational acceleration components when the sensor is simultanously accelerating and rotating.
Additional useful kinematic information can be obtained using uni-axial rate gyroscopes [SI, which measure one component of the angular velocity i5.
METHODS

Inertial sensing methods
We propose to combine accelerometers and gyroscopes for improved kinematic sensing and compared two methods for assessing shank angle during movements of the shank in a sitting position of a subject. We assume movements limited to the sagittal plane, and use tangential and radial accelerometers in the sagittal plane at a position along the shank, and a uniaxial gyroscope measuring angular velocities in the sagittal plane ( fig. 1 ). Method 1 requires a static period at the start of the test. In this period the accelerometers provide an estimate of the shank angle with respect to gravity (equation (1) with Fi = 6) and the offset of the gyroscope can be determined. The joint angle is estimated by integrating the gyroscope-signal after offset-correction for drift.
Method 2 makes use of the assumption that the knee joint is not linearly accelerating during the rotation of the shank. Under this condition the shank can be considered as a pendulum, and the tangential and radial components of the actual accelerations measured at a position along the shank can be estimated using the signal of the gyroscope located at the same position, enabling the estimation of knee angle by: c reconstructed knee angle, very close to the angle measured DISCUSSION Method 2 clearly performed best in our preliminary measurements, avoiding drift, which may occur with integration in method 1. Method 2 requires a known distance r between knee axis and sensor system, which needs to be measured anyway for estimating knee torque from the force measured in the handle. The method assumes a fixed knee axis, which is not actually true. However, a sensitivity analysis showed that the method is relatively insensitive for errors in the distance r. A further requirement is that the joint axis and the other segment (thigh) should not move or rotate, which in many practical applications can be realised. The remaining angle difference between the reconstruction from inertial sensors and goniometer may partly be due to the inaccuracy of the goniometer. A comparison with a more accurate reference (e.g. optokinetic system) still has to be performed.
CONCLUSION
The preliminary results suggest that method 2 performs best, and is therefore suggested for use in the hand held dynamometer. Method 1 appears relatively unreliable, 
